This  document  consists  of  59  pages 
N°.  221)  °T  306  copies,  Series  A 


OPERATION  SNAPPER 


Project  1.1 

THE  MEASUREMENT  OF  FREE  AIR 
ATOMIC  BLAST  PRESSURES 

REPORT  TO  THE  TEST  DIRECTOR 


by 

NORMAN  A.  HASKELL 
and 

JAMES  O.  VANN 
Lt.  Col.,  U.  S.  Air  Force 


February  1953 


Terrestrial  Sciences  Laboratory 
Geophysics  Research  Directorate 
Air  Force  Cambridge  Research  Center 


UNCLASSIFIED 


UNCLASSIFIED 


ABSTRACT 


Shock  overpressure  as  a  function  of  time  haa  bean  aeaaured  by  utl- 
11  alnc  ar.  array  of  parachute- bora a  praaaura  gngea  spread  over  a  wide 
range  of  distances  and  altltudaa  above  two  atomic  detonations.  The 
operation  waa  accompli  ah ad  by  deploying  16  parachuter-borne  canlatera 
froa  two  aircraft  at  each  ehota  lech  canlater  contained  an  altlaeter 
transducer,  two  differential  preaaure  transducers,  a  radio  teleaetry 
tranaal tter,  and  a  radio  tracking  beacon.  The  telenetered  preaaure 
data  were  recorded  at  a  ground  atatlon  and  the  poaltlon  of  each  canls- 
ter  waa  determined  by  radio  range  neaaurementa  froa  three  multiple  ob¬ 
ject  tracking  atatlona.  The  dropping  aircraft  were  guided  to  a  pre¬ 
determined  drop  point  with  reference  to  both  poaltlon  and  time  by  two 
SCR  56^  radar  atatlona. 

The  observed  peak  orerpreaeuree ,  covering  the  range  froa  about 
0.1  to  3*0  pal •»  confirm  exlatlng  theory  on  the  effect  of  altitude  on 
ahock  overpreeeure  to  within  practical  accuracy  requirements,  and  sup¬ 
plement  other  free-air  peak  overpreaaure  neaaurementa  made  at  higher 
overpreaeurea  by  other  aethoda. 

It  la  reconaended  that  additional  aeaaureaenta  of  thl a  kind  be 
made  at  an  air  burst  atomic  teat  to  obtain  Information  on  true  free  air 
peak  overprt aaurea ,  reflected  shock  overpressures,  and  the  path  of  the 
Mach  triple  point,  which  could  not  be  obtained  froa  the  present  tests 
because  of  the  low  height  of  buret. 
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CHAPTER  1 


WT1M 


1.1  QhJICTIT* 

The  primary  objective  of  the  project  wee  to  measure  the  free  air 
peek  bleat  overpressure  of  an  atoalc  detonation  over  a  wide  ranee  of 
altitudes  and  distances  to  teat  the  Fuchs  scaling  law  for  altitude  ef¬ 
fects  .  Secondary  objectives  were  to  test  operational  procedures  and 
Instrumentation  to  Improve  techniques  and  Increase  accuracy  of  measure¬ 
ments  for  a  later  operation  Involving  an  air  burst  atomlo  detonation* 

1.2  aiSIQglCAl 

The  military  requirements  for  an  experimental  test  of  the  Fuchs 
theory  were  brought  to  the  attention  of  the  Terrestrial  Sciences  Lab¬ 
oratory.  early  In  1950*  At  that  time  a  proposal  was  prepared  for  par¬ 
ticipation  In  Operation  OHKXMHOUSX.  However,  time  factors  for  prepar¬ 
ation  and  logistics  of  such  an  extensive  project  were  Insufficient  and 
no  action  was  taken. 

In  December.  1950.  the  proposed  was  reinstated  under  Operation 
WDtDSTOBh  and  the  project  was  officially  Included  In  February.  1951* 
After  Operation  VIKDSTOBM  was  cancelled,  the  project  was  tentatively 
Included  In  Operation  BU3TXB  but  due  to  unsuitable  frequency  require¬ 
ments  the  project  was  diverted  to  Operation  JAB0I2  on  a  reduced  opera¬ 
tional  scale. 

The  operational  procedure  In  JAJfOU  consisted  of  deployment  of 
eight  pressure  Instrumented  parachute-borne  canisters  from  two  air¬ 
craft.  Conclusions  from  this  operation  — 'were  considered  tentative 
since  the  positions  actually  attained  by  the  parachute-borne  canisters 
vers  inconsistent  with  the  Intended  vertloal  array  and  did  not  provide 
a  clear  cut  test  of  the  Fuchs  altitude  correction.  There  was  Justifi¬ 
cation.  however,  for  concluding  that  the  data  obtained  supported  the 
Fuchs  theory  within  the  probable  accuracy  of  the  observations  out  to 
overpressures  of  about  0.1  pel. 


y  I.  A.  Haskell,  J.  0.  Tann,  The  Measurement  of  Free  Air  Atomic  Blftgj 
Pressures.  Armed  Foreee  Special  Weapons  Project,  Operation  JABOU. 
Project  1.3d,  Air  Force  Cambridge  Research  Center, 
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CiUPTXfi  2 


2.1  mUTSUMPiTATIOW 


The  lnetruaentatlon  Involved  Is  Operation  SKAPPKH  »M  designed  to 
acconplleh  four  objectlvees  (1)  radio  teleaetry  lnet mentation  to 
obtain  fra#  air  praaaura  data,  (2)  cenleter  tracking  lnatruaantatlon 
to  obtain  tine— epace  data  of  tba  parachute-borne  canlatara,  (3)  radar 
lnatruaantatlon  to  position  the  aircraft  for  deploynent  of  16  canlatara 
in  the  environs  a  bore  the  atoalc  detonation,  and  (h)  the  parachute— 
borne  canlatar  lnatruaantatlon  to  auapend  probea  and  electronic  equip- 
sent  In  the  blaat  field. 

Reference  la  aada  to  Operation  JaRGIB  Report,  Project  l,3b»  for  a 
detailed  deaorlptlon  of  the  baalc  design  of  the  radio  teleaetry  syatea, 
canlatar  tracking  ays tea  and  canlatar  lnatruaantatlon. 


2.1.1  Radio  Teleaetry  Ipotrua»nt»tlOB 

Bach  parachute— borne  canlatar  contained  a  preeeure  el ti ea¬ 
ter  transducer,  two  differential  praaaura  tranaducera  (one  haring  a 
acale  ratio  of  approxlaataly  2  with  reapect  to  the  other)  and  a  radio 
teleaetry  transacting  unit.  Praaaura  atleulus  caused  each  transducer 
In  the  canister  to  frequency  aodulate  a  aub-cerrler:  the  three  sub— 
carrlera  were  nixed  and  subsequently  frequency  nodulated  the  radio  f re- 
quency  carrier,  the  data  link  between  the  canister  and  the  recording 
ground  station.  Tha  recording  ground  station  was  lnstruaented  with  a 
asperate  PM  recel war  for  each  parac hut  ►-born a  canister.  The  output  of 
each  reoelrer,  a  nlxture  of  the  three  frequency  nodulated  eub-^errlers, 
was  asperated  by  filter  networks.  Subsequently  each  aub-carrler  was 
channeled  to  a  dlaorlnlnetor  which  produced  an  eleotrloal  current  pro¬ 
portional  to  the  original  pressure.  Theae  proportional  currents  were 
applied  to  galvenoaetere  of  tha  recording  oscillograph. , 


The  radio  teleaetry  syatea,  pressure  aeaaurlng  lnatrunenta- 
tlon,  ana  parachute-borne  canister  ware  developed  and  fabricated  by  tha 
Paclfle  Division  Developnent  Laboratory,  Bendlx  Aviation  Corporation, 


Rurbank, 


California,  under  Contract  AT  19(122)-b59, 


2 .1 .2  £fl4sjei  Tpa^pg  fra^g 


The  Multiple  Objeet  Tracking  (>OTS)  Syatea  was  uaed  to  de- 
t aralne  the  tine-space  data  of  the  parachute-borne  canisters.  The  aye- 
tea  la  based  on  triangulation  by  obtaining  radio  range  neaaurenenta 
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from  the  canisters  1b  space  to  three  ground  Interrogating  stations. 

The  system  has  been  designed  for  tracking  32  objects  In  epace  with  an 
accuracy  of  approximately  100  feet. 

▲11  ground  stations  shared  time  during  each  second  to  al¬ 
ternately  interrogate  each  parachute-borne  canister  for  range  data. 
Interrogation  was  acconpllshed  by  transmitting  froa  the  ground  station 
a  binary  code  train  of  flee  digits  and  a  range  pulse  which  slsultan— 
•ooely  Initiated  the  operation  of  the  range  counting  circuit.  Each 
airborne  beacon  In  the  canister  was  designed  for  a  selected  binary 
pules  train  which  was  established  In  each  beacon  decoder.  The  decoder 
differentiated  between  the  selected  pulse  train  and  all  others  so  as  to 
modulate  the  responder  only  when  the  selected  pulse  train  was  received. 
After  this  series  of  events  the  responder  Initiated  a  single  reply 
pulse.  Vhen  received  by  the  ground  station,  this  reply  pulse  stopped 
the  range  circuit  counter  and  recorded  the  range  count  In  Increments  of 
0.1  micro— seconds,  equivalent  to  feet  In  range.  The  recorded  time 
Interval  established  the  range  from  the  ground  station  to  the  para- 
chut ►•bo me  canister.  A  separate  time  mark  on  the  recording  tape  es¬ 
tablished  the  referenced  time  of  the  canister  position  to  standard  tlms. 

2.1.3  Aircraft  Positioning  Instrumentation 

The  two  B— 29  aircraft  were  guided  over  a  drop  point,  both 
In  reference  to  time  and  course,  by  using  two  SCH  564  radar  tracking 
stations.  Sixteen  paraehut ►•borne  canisters  were  deployed,  eight  from 
each  B— 29  aircraft,  at  a  computed  drop  time  and  drop  position,  correct¬ 
ed  for  the  Integrated  horltontal  wind  drift  of  the  canister. 

2.1. b  Cifilsttr  IastrujsfntfltlOP 

The  electronic  Instrumentation  In  the  canister  has  been 
described  above.  The  dual  parachute  system  consisted  of  two  parachutes, 
a  6-foot  fist  ribbon  parachute  and  a  26-foot  square  seal-ribbon  para¬ 
chute.  Zhe  latter  parachute  was  designed  for  this  test  at  WADC  for  the 
specific  purpose  of  minimising  parachute  oscillation  during  descent. 

As  each  canister  was  deployed  from  the  aircraft  the  t—foot  ribbon  para¬ 
chute  was  lnedlately  opened  by  the  attached  static  line.  Canister  bal¬ 
listic  data  and  the  particular  canister  position  In  the  array  deter¬ 
mined  the  time  of  canister  fall  with  the  6-foot  ribbon  parachute.  At  a 
pre-determlned  time,  different  for  each  canister,  an  Internal  timer 
fired  a  squib  which  tripped  a  cutter  mechanlem  which  In  turn  detached 
the  6-foot  ribbon  parachute,  related  the  2&>foot  square  parachute.  The 
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parechute-borne  canister  complete  with  dual  parachute*  weighed  275 
pound*  and  waa  86.25  lnche*  over-all  length,  and  14  Inch**  in  diameter. 

2.2  CAUBhlTIOP  PROCEDURE 

Reference  1*  made  to  Operation  JAR OLE  Report,  Project  1.3c  for  a 
detailed  description  of  calibration  procedure*. 

2.3  QrSRAIIOSS  SHOT  5 

The  problem*  of  the  operation  consisted  of  fir*  phases:  (1)  the 
guidance  of  two  B— 29  aircraft  over  a  drop  point  both  In  reference  to 
position  and  ties  (two  SCR  584  »-adar  tracking  units  assisted  In  this 
operation);  (2)  the  determination  of  the  Integrated  horltontal  drift 
of  the  parachute-borne  canisters  In  the  wind  structure  In  order  to  de¬ 
termine  a  corrected  drop  point  for  the  aircraft;  (3)  the  deployment  of 
eight  parachute-borne  canisters  from  each  of  two  B-29  aircraft;  (4)  the 
tracking  of  the  16  canisters  with  the  Multiple  Object  Tracking  System; 
and  (5)  the  recording  of  telemetered  blast  oressur*  profiles  from  each 
canister. 

The  location  of  the  radio  telemetry  station,  the  MOTS  stations  and 
the  SCR  584  radar  station  are  Indicated  In  Plgur*  2.1. 

2.3.1  Lo*  Aircraft  Operation 

The  low  aircraft  operated  at  24,400  feet  KSL  at  a  true 
ground  speed  of  300  feet  per  second.  The  expected  speed  of  350  feet 
per  second  could  not  be  attained  because  of  high  winds.  Six  practice 
runs  were  mad*  between  H-3  hours  and  &-30  minutes.  Tor  purposes  of 
checking  drift  which  was  previously  calculated  from  meteorological 
data,  two  canister*  were  deployed,  one  at  H— hour*  and  on*  at  S-l j 
hours.  At  time  of  deploymsnt,  interrogation  signals  from  both  canis¬ 
ters  failed  to  reach  the  MOTS  stations,  the  cause  of  this  failure  la 
not  known.  Because  of  e  malfunction  In  the  bomb  roloaa*  mechanism, 

Vo,  9  canister  was  deployed  in  the  place  of  the  second  drift  measure¬ 
ment  canister.  In  ths  operational  run  the  plare  was  5  seconds  ahtad 
of  schedule  resulting  in  a  positional  error  of  1500  feet.  The  canis¬ 
ters  were  deployed  at  the  scheduled  time  regardleae  of  position.  De¬ 
ployment  of  canisters  for  the  array  positions  Vos.  9  through  16  was 
initiated  at  &-l?8  seconds  end  completed  at  &.?<>  seconds*  The  posi¬ 
tions  of  th#  canister#  at  ebook  wave  arrival  time  are  compared  with 
the  intended  position  In  Figure  2.2. 
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2.3*2  Hlzh  Aircraft  Operation 

The  hl(b  aircraft  operated  at  an  altitude  of  35,800  faat 
NSL,  and  aalntalned  a  t ram  (round  spaed  of  317  foot  por  oooond  Instead 
of  th#  expected  900  foot  par  oocond.  Considerable  difficult/  «u  oz- 
porloncod  In  eatabllshln(  radar  ooataot  with  tho  aircraft  until  B-l 
hour  whon  tho  laot  of  several  practice  run*  waa  coordinated  with  tho 
radar.  In  tho  final  run  tho  piano  waa  9  aaconda  lata,  caualnc  th#  de¬ 
ployment  of  canlatora  Bo*.  1  through  8  to  b#(ln  2800  foot  abort  of  tho 
aohodulod  poaltlon.  Deployment  ba(an  at  B-l 37  aooonda  and  conoludod 
at  1-51  aooonda.  Th*  position*  of  th*  eanlataro  at  ahook  arrival  tla* 
ar*  ooaparad  with  th*  lntandod  poaltlon*  In  Pl(ure  2.2.  Much  of  th* 
orror  In  placement  can  b*  ozplalnod  by  error  In  drop  peoltlon.  Vhat 
appear*  to  b*  a  great  error  la  actually  th*  reault  of  lonfthoalnc  the 
ontlre  array  pattern  to  eoarpeneat*  for  tho  hl(b  wind  condition  at  ahot 
tla*. 


2.3*3  gftflltHr.  ^BftThUoB 

Pressure  data  war*  not  rocorded  for  oanlator  lo.  7  bocaua* 
of  failure  of  th*  eanlotor'a  Internal  power  aupply.  Data  froa  tho  Bo. 

9  poaltlon  war*  not  rocorded  bocaua*  tho  drift  aeaaureaont  oanlator 
dropped  In  thl a  poaltlon  had  no  toloaotry  equipment  1  natal led.  Tho 
28-foot  parachut*  on  oanlator  So.  lb  failed  to  open,  rooultlnf  In  a 
free  fall  and  lapact  tla*  of  B-l 9  aaconda;  all  other  paraohutoa  de¬ 
ployed  aatlafactorlly.  Slfnala  froa  oanlator  Bo.  11  (poaitloned  at 
8000  foot  MSL  and  9500  foot  slant  ranee  froa  (round  aaro  at  taro  tin*) 
terminated  at  B.10  aeoonda.  Tho  canlator  could  not  b*  found  after  th* 
toot  and  aay  have  boon  daaa(ed  both  by  thermal  radiation  and  th*  ahock 
war*,  dll  other  canlatora  survived  th*  ahock  wave  and  tbeml  radia¬ 
tion.  however,  tho  blue  and  black  atonollod  aarkl n(a  were  bumod  on  th* 
28- foot  white  parachute*  of  oanlataro  Boa.  9.  12,  and  13. 

Pour  canlatora.  Identical  In  Inatnaaentatlon  to  th*  para¬ 
chute-bom*  canister* ,  were  placed  on  th*  (round  at  warioua  ran(*a  froa 
(round  aero.  Proaauro  data  wer*  reeordod  froa  oanlator*  20  and  90  but 
no  data  were  obtained  from  canlatora  10  and  30  bocaua*  of  battory  power 

failure. 


2.3>  Badlo  Tol—otrr  Operation 

Tho  (round  radio  toloaotry  station  recorded  proaauro  data 
froa  canlatora  Boa.  1,  2,  3,  9,  5,  6,  8,  10,  12,  13,  13,  16,  20  and  90. 
Tho  canlator  BP  carrier*  war*  recorded  froa  tleo  of  deployment  to  1*10 
alnutee  ozcopt  for  tho  2  second  period  whon  the  baoo  power  failed  after 
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detonation  tie*.  tbit  failure  oaused  the  lee*  of  eom*  data  of  blast 
ware  arrival  tlm*  froe  canister  lo.  11,  and  only  the  n*(atlv#  phase  of 
the  blast  wave  was  recorded. 

2.3.5  Multiple  Object  Traces*  System  (MPT?)  PptiU?3 

The  MOTS  etatlone  MU,  M2A,  and  El  Initiated  reoordlne 
procedure*  at  3-1  minute.  The  manned  stations  MU  and  M2A  recorded 
canister  positional  data  until  minutes.  The  remotely  controlled 
station,  El,  recorded  from  H-l  mlnut*  until  shook  were  arrival  time  mt 
3*6  seconds,  at  wfaiah  time  remote  control  holding  relay*  failed. 

2.4  QPIEATIOB  Stttt  1 

The  problems  of  th*  operation  were  Identical  to  Shot  5.  *he  lo¬ 
cation  of  the  radio  telemetry  station,  th*  H)TS  stations,  and  the  9CB 
564  radar  station  ars  indicated  in  Pl(ure  2.3* 

2.4.1  low  Aircraft  Operation 

The  low  aircraft  operated  et  24,400  ft.  MSL  at  a  true 
(round  speed  of  340  feet  per  second.  3even  practice  runs  were  Bade  be- 
tvMQ  hour*  3-30  BlsutHi  flkDd  a  oanl  •  tar  dtplojtd  *t  H-.J 

hours  and  3-l|  hours  for  th#  purpose  of  eheokln(  drift  oaleulatloae. 

The  Information  received  checked  the  calculated  drift  fl(ur*.  In  the 
operation  run  tha  aircraft  was  1  second  early  raeultlnc  in  a  position¬ 
al  error  of  350  fast.  The  scheduled  deployment  of  eanlstere  Bos.  9 
through  16  was  started  et  H-l 75  seconds  and  concluded  at  3-4?  seconds. 
Th*  positions  of  the  canisters  at  shook  arrival  tie#  ar*  shown  In  Pl*- 
urs  2.4. 

2.4.2  Hi xfa  Aircraft  Ops rati SB 

Th*  high  aircraft  maintained  a  speed  of  400  feet  per  sec¬ 
ond  (true  (round  speed)  at  an  altitude  of  31,800  ft.  tOb.  Between  3-4 
hours  and  3-30  minutes ,  five  practice  runs  were  mad*.  Th*  final  run 
was  completed  with  a  positional  error  of  400  feet  ceased  by  the  air- 
eraft  bel n(  early  at  th#  intended  drop  point.  At  B-171  eeoond*  th* 
deployment  of  oanleter*  Vo*.  1  throu(b  8  was  b*(ua  and  It  was  com¬ 
pleted  et  H-89  eeoond*.  Th*  oanleter  positions  et  shook  arrival  tlm# 
ar*  pletursd  In  Pl(ure  2.4. 

2.4.3  Siaitttr  Pa+rmt laa 

Pressure  data  were  net  reoordad  for  oanleter  He.  3  dm*  to 
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pressure  (i^e  malfunction.  The  large  parachute  on  canister  5  probably 
did  not  open  since  both  pressure  gages  off  scale,  Power  supply 

failure  In  canister  12  prevented  proper  function  of  the  parachute  eye- 
tea*  resulting  In  a  free  fall  and  Impact  time  of  H-l6  seconds. 

Pour  canisters.  Identical  In  lnstrusentatlon  to  the  para- 
chute— borne  canisters,  were  placed  on  the  ground  at  various  ranges 
fron  ground  tero.  Pressure  data  were  recorded  from  all  ground  can¬ 
isters. 

2.*.*»  Radio  Telemetry  Operation 

The  ground  radio  telemetry  station  recorded  pressure  data 
from  canisters  Nos.  1*  2,  4,  6,  7*  8,  9*  10,  11,  13,  14,  15e  16,  10, 

20,  30  and  40.  The  canister  HP  carriers  were  recorded  froa  Has  of 
deployment  to  BelO  minutes.  Power  was  obtained  froa  PS- 9 5  units  In 
order  to  avoid  base  power  failure  at  tero  tlae. 

2.4.5  Multiple  Object  Tracking  Sjatea  (HPT3)  Operatic 

MOTS  statlona  KLB,  KZB  and  H2  Initiated  recording  proce¬ 
dures  at  H-l  minute.  All  stations  recorded  canister  positional  data 
to  Be6  minutes. 

2.4.6  Canister  Test  Damage  Opemtlofl 

In  an  attempt  to  determine  the  effects  of  thermal  radia¬ 
tion  and  shock  blast  on  the  canisters,  three  canisters  were  located  at 
ilatancea  of  300,  000  and  1500  feet  froa  ground  sero.  The  canisters 
were  placed  In  a  vertical  position  at  each  location  and  were  braced 
with  four  1/8  Inch  steel  cables.  Investigation  of  the  canisters  at 
Bd3  days  Indicated  that  the  nearest  canister  was  completely  demolished 
and  parts  scattered  to  distances  of  1000  feet  froa  ground  sero.  All 
pieces  showed  evidence  of  being  exposed  to  extremely  high  temperatures. 
The  nose  and  canter  section  of  the  canister  looated  800  feet  froa  ground 
sero  were  found  at  separate  locations  2000  feet  from  ground  sero. 

These  sections  did  not  show  evidence  of  extreme  damage  from  thermal 
radiation.  The  after  section  of  this  oanister  was  not  located.  The 
canister  looated  at  1500  feet  froa  ground  tero  was  found  lying  on  the 
ground  10  feet  froa  the  guyed  position.  The  antenna  was  broken  and  the 
paint  on  the  outside  fraao  facing  ground  sero  was  scorched.  No  damage 
was  discovered  to  amy  Internal  Instrumentation  after  a  laboratory  toot 
was  completed.  The  nylon  straps  attached  to  the  outside  of  the  after 
section  were  partially  molted. 
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CHAPTKS  3 

TB3T  &1SULT3 


3.1 

3.1.1  Canister  Positions 

Although  ion  reliable  M0T3  data  were  obtained  on  Shot  5* 
the/  were.  In  general.  Insufficient  to  determine  accurate  canister  po¬ 
sitions  at  shock  arrival  ties  without  additional  data  froa  other 
souroee.  It  was  according!/  decided  to  use  the  canister  altimeters 
and  the  aeasured  time  of  fall  for  the  determination  of  altitude  and 
use  the  measured  shock  travel  time  for  the  determination  of  slant 
range,  with  the  MOTS  data  used  as  a  check.  Table  3.1  shows  the  canis¬ 
ter  altitudes  at  shock  arrival  ties  as  determined  b/  (a)  telemetered 
ambient  pressure  converted  to  true  altitude  In  accordance  with  the  ra- 
dlosonde  meteorological  data  for  the  time  of  the  shot  and  b y  (b)  the 
times  of  fall  on  both  small  and  large  parachutes  taken  In  conjunction 
with  the  previous!/  calibrated  rates  of  descent  and  the  known  alti¬ 
tudes  of  the  drop  aircraft.  The  means  of  these  two.  when  both  were 
determined,  are  taken  as  the  best  estimates  of  canister  altitudes. 

The  arithmetic  mean  of  the  percentage  difference  between  the  two.  which 
me/  be  taken  as  a  rough  measure  of  the  accuracy  of  the  altitude  data. 

Is  4.4  per  cent. 

The  slant  ranges  computed  from  the  shock  travel  times  by 
the  method  described  In  Appendix  A  are  given  In  the  second  column  of 
Table  3.2.  from  the  more  complete  MOTS  data  obtained  on  Shot  8  the 
algebraic  mean  difference  between  the  travel  time  ranges  and  the  MOTS 
ranges  was  found  to  be  *2.18  per  cent.  Sine*  the  MOTS  ranges  for  Shot 
8  ere  considered  to  be  lsss  subject  to  possible  email  eystematlo  er¬ 
rors  than  the  travel  time  ranges,  this  le  Interpreted  as  Indicating  a 
systematic  error  of  +2.18  per  cent  In  the  method  used  for  computing 
slant  range  froa  travel  time.  The  third  column  of  Table  3.2  glvss  the 
travel  time  ranges  reduced  by  2.18  per  cent  end  the  fourth  column  gives 
the  ranges  as  computed  from  the  MOTS  data  uaed  In  conjunction  with  the 
drop-time  altitudes*  given  la  column  3  of  Table  3.1.  However,  In  view 
of  the  uncertainty  In  much  of  the  MOTS  data  for  this  shot,  the  reduced 
travel  time  ranges  (column  3)  are  taken  as  ths  best  values  except  In 
the  ease  of  canister  lo.  13.  for  which  this  range  le  Inconsistent  with 
the  altitude.  In  this  oase  the  MOTS  data  has  been  used. 

"The  HofS  computations  were  carried  out  Ysfore  the  correct  altimeter  _ 
altitudes  wsre  available.  Since  use  of  ths  final  altltuds  figures 
would  not  alter  the  MOTS  ranges  significantly,  theee  ranges  have  net 
been  recomputed. 
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TABU  3.1 


Canl.ter  Altitude*  at  Shook  Arrival  Tie*.  SHOT  5 


Canleter 

(1) 

Altitude  (ft.  above  M.S.L.) 

froa  Canleter 
Altlneter 

(2) 

Coaputed  froa 
Drop  Tlae 
(3) 

Mean 

(4) 

1 

22,680 

25,000 

23,840 

2 

23,000 

22,750 

22,880 

3 

27.150 

29.780 

28,470 

6 

17.520 

17,440 

17,480 

5 

31,620 

30.340 

30,880 

6 

22,100 

21,460 

21,780 

8 

26,680 

26,620 

26,650 

10 

14,780 

no  data 

14,780 

11 

no  data 

6,960 

6,960 

12 

7,300 

8,760 

8,020 

13 

13,500 

13.500 

13,500 

15 

14,610 

14,520 

16 

15,100 

15,460 

15.280 

In  addition  to  the  parachute— borne  gage,,  eboek  preeeure 
•eaaureaent,  were  obtained  froa  two  of  the  four  ground  canletere.  The 
elant  range*  froa  the  boab  were  6810  feet  for  Station  20  and  17«*?0 
feet  for  Station  40. 

3.1.2  S^pc<  Waj^_PatA 

The  teleaetered  record*  of  ehock  owerpreeeuree  aa  functl 
of  tlae  are  ehovn  in  figure  3.1.  Thee*  record*  are  reproduced  froa 
trace*  on  the  original  teleaeterlng  record*  of  Shot  5,  figure  3»2. 
principal  numerical  data  are  euaaarleed  in  Table  3.3*  Saall  eeconda 
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Slant  Ranges  at  Shock  Arrival  Tiae,  SHOT  5 


Canister 

(1) 

Slant  Range  froa  Bonb  (ft.)  Computed  froa 

Travel  Tine 

(2) 

Column  (2)  less 

2.18* 

(3) 

M0T5  with 
Assumed  Altitude 

(9) 

1 

33.250 

32,530 

32,400 

2 

25,420 

24,870 

25,150 

3 

31.640 

30,950 

32,000 

4 

15.190 

14,860 

19,950 

5 

28,390 

27,770 

27,750 

6 

20,080 

19,640 

18,500 

8 

28,600 

27,980 

25.250 

10 

13,040 

12,760 

• 

12 

5.240 

5,125 

5.500 

13 

8,700 

8,510 

9,100 

15 

14,810 

14,490 

13.350 

16 

22,980 

22,480 

19,050 

•  hock:*  appear  on  the  trace*  froa  canisters  Ho*.  2,  5*  and  13.  That 
froa  canister  Ho.  2  appear*  In  the  negative  pressure  phase  of  the  aaln 
•hock,  hut  It  1*  questionable  whether  this  represents  incipient  devel- 
opaent  of  the  tall  shock  since  it  is  not  found  on  traces  froa  still 
larger  distances.  The  secondary  shocks  observed  on  canisters  Hos.  5 
and  13,  arriving  0.26  and  0,6?  seconds  respectively  after  the  aaln 
•hock,  are  not  considered  to  represent  the  aaln  ground  reflection  since 
they  do  not  appear  on  the  traces  froa  Intermediate  and  shorter  dl e— 
tances.  In  particular,  the  nearest  canister.  Ho.  12,  shows  no  ladle  ac¬ 
tion  of  a  double  peoLk.  It  is  therefore  assuaed  that  the  direct  and 
aaln  reflected  shocks  have  coalesced  into  a  single  Mach  shock  at  all 
canister  positions. 
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3.2  SHOT  8 


3.2.1  Canlator  PoaUloai- 

The  canlater  altitude#  at  ahock  arrival  time  aa  given  by 
the  MOTS  data,  canlater  altimeter*  (corrected  for  prevailing  aeteoro- 
loglcal  conditional,  and  computation  froa  drop  ti ne  and  ratea  of  dea- 
cent  are  given  In  Table  3.^.  The  laat  coluan  In  the  table  glvee  the 
preferred  valuee  uaed  In  further  dlacuaalon  of  the  data. 

Tor  canlatera  Ho*.  1  and  2  no  record  vaa  obtained  of  the 
tlae  of  release  froa  the  aircraft,  and  for  canlatera  Hoa,  4,  10,  and  11 
the  altltudea  computed  froa  the  drop  tlaea  were  ao  Mich  greater  than 
the  HOTS  and  altimeter  altltudea  that  It  vaa  evident  that  the  para- 
ehutea  failed  to  open  properly  and  standard  ratea  of  deacent  could  not 
be  applied. 


The  alant  range#  at  ahock  arrival  tlae  determined  from  the 
MOTS  data  (Hjgyys)  and  by  computation  from  the  obaerved  travel  tlaea 
(H^j)  are  given  In  Table  3,5  together  with  the  percentage  difference 
between  the  two.  Since  there  la  no  apparent  reaaon  to  etxpect  a  ayatea- 
atle  error  in  the  HOTS  range#,  the  fact  that  the  travel  tlae  range# 
tend  to  be  larger  la  taken  aa  Indicating  a  aaall  ayatenatlc  error  In 
the  aethod  uaed  In  computing  the  travel  time  range#.  The  algebraic 
aean  percentage  difference,  including  the  ground  Statlona  20,  3G,  and 
40,  la  42.18  per  cent,  and  thle  figure  haa  been  applied  aa  a  correction 
to  the  travel  time  range#  for  3hot  5,  Ground  Station  10,  which  ahova  a 
relatively  large  difference  of  oppoalte  algn,  haa  bean  omitted  In  com¬ 
puting  the  mean,  alnce  at  ahort  dlatancea  the  computation  of  range  froa 
travel  tlae  la  relatively  more  aenaltlve  to  the  aaauaed  fora  of  the 
overpreeaure  va.  dlatance  curve  in  the  high  overpreaaure  region,  and 
there  la  alao  the  poaalblllty  that  the  ahock  velocity  nay  be  abnormally 
high  near  the  ground  at  ahort  range#  becauae  of  the  presenting  of  the 
air  by  thermal  radiation. 

3.2.2  Shock  Wave  Data 

The  telemetered  ahock  overpreaaurea  aa  a  function  of  time 
after  the  exploalon  are  ahown  la  Tlgure  3*3*  figure  J,1*  la  a  aa^ple 
trace  from  the  telemetered  record*  of  Shot  8.  The  principal  numerical 
data  are  auawrliel  in  Table  3*6.  The  occurrence  of  aaall  aecondary 
ahock*  la  ao re  frequent  than  In  the  case  of  Shot  5*  but  again  there  la 
no  correlation  froa  one  poaltlon  to  another,  auggeatlng  that  they  any 
be  cauaed  by  Interaction  of  the  main  ahock  and  turbulent  aotlona  of 
relatively  amall  extent  In  the  ataoaphere. 
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Sachs^/ seal*  factors  to  scale  tbs  observed  values  of  prsssars  and 
range  to  equivalent  values  In  an  ldsallasd  Isothermal  ataospbsrs  at 
oonstant  aablsnt  prstturs  of  14,70  psl.  If  tbs  theory  Is  valid,  tbs 
scalsd  OTsrprsssurs  should  bs  a  function  only  of  tbs  sealsd  range. 

Vs  Introduce  tbs  following  notation: 

A  P  ■  Peak  overpressure.  (psl.) 

H  ■  Slant  range,  (ft,) 

s  •  Altitude  at  which  nP  Is  asaaursd.  (ft,  above  KSL) 

b  »  Altltuds  of  boab,  (ft,  above  KSL) 

V  a  Held  of  boab  (IT),  Including  reflection  factor 

P0  “  Aablrnt  ataospbsrlc  pressure  (psl.t 

T  •  Aablent  ataospbsrlc  temperature  (°  Absolute) 

S  a  V  ’■  field  scale  factor  (relative  to  1  IT) 

k  ■  [p0(h)/F0(o)]  3  8  Sach*  »c*l«  factor 

X»srp/  [{T(h)/T(t)},/i  {P0(h)/P0(«)},/,?-l]  d«/(s-hV  Fuchs 
*  t/  Scale 

M  =  AlT(k)/T(t)}/«  {P0(*)/P0(b)}  J Factors 

A?/k'«  ■  Scaled  overpressure 
r  ■  kXS/S  a  Scaled  range  (relative  to  1  IT) 


The  scale  factors  A  and  u  ,  which  are  tabulated  as  func¬ 
tions  of  altitude  In  Appendix  C,  have  been  coaputed  by  numerical  Inte¬ 
gration  using  tbs  radiosonde  as t so r« logical  data  taken  at  tbs  tlae  of 
tbs  shot  as  given  In  Appendix  B,  The  best  estlaate  of  the  radiochemi¬ 
cal  yield  of  Shot  5  presently  available  to  the  writer  Is  11,7  IT,  A 
reflection  factor  of  1,?  will  be  assumed.  This  le  an  arbitrary  choice, 
but  one  which  appears  to  sake  the  present  data  reasonably  consistent 
with  Measurements  taken  by  other  methods  at  higher  overpressures,  Ve 
then  have  S  ■  (11,7  x  1,8)V|  •  2,761,  The  scaled  overpreeeuree  and 
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ranges  are  given  in  Table  3.7  and  plottad  In  Figure  3.5.  The  solid 
cosparlson  curve  plotted  In  the  figure  Is  dsflnsd  by  the  expressions t 


«'>  ■  ^  f„  f(r)>l  -1 

f(r)  3  3650 /r/lo*  w  (r/446^  for  f(r)<  1  psl. 


(3.D 

(3.2) 


r  ■  Scaled  range  In  feet. 


This  eurrs  Is  not  intended  to  represent  an  atteapt  at  a 
■best  fit*  to  the  present  data,  but  was  derived  as  desorlbed  in  a  pre¬ 
vious  report  on  the  preliminary  parachute  gage  measurements  carried  out 
at  the  JAHGLI  surface  shot-^  Omitting  the  ground  stations,  the  root 
mean  square  percentage  deviation  of  the  observed  overpressure  from  the 
comparison  curve  is  11.5  per  cent  and  the  algebraic  mean  percentage  dif¬ 
ference  is  -2.7  per  cent.  The  r.c.s.  deviation  from  some  hypothetical 
■true*  or  "best  fitting"  curve  would  not  be  larger  than  that  obtained 
by  removing  the  systematic  component,  or  /(ll.5r  -  (2.7)*  «  11.2  per 
cent. 


3.3.2  Shot  8 

Ths  scale  factors  X  and  m  computed  for  the  meteorological 
conditions  prevailing  at  the  time  of  Shot  8  are  tabulated  In  Appendix 
C.  The  yield  for  this  shot  Is  taken  to  bo  14  IT,  which,  with  a  re¬ 
flection  factor  of  1.8,  gives  3  •  (14  x  1.8)'/j  •  2.932.  The  soaled  da¬ 
ta  for  this  shot  are  tabulated  in  Table  3.8  end  plotted  In  Tlgure  3.8 
with  the  same  comparison  curve  defined  by  equations  (3.1)  end  (3.2). 
Omitting  the  ground  stations,  the  r.m«s.  percentage  deviation  from  the 
comparison  curve  is  8.4  per  cent  and  the  algebraic  mean  percentage  de¬ 
viation  is  -  3.8  per  cent.  Removing  the  systematic  component,  the  re¬ 
sultant  is  7.5  per  cent. 


A.  Haskell,  J .  0.  Vann.  Thg_H»asurejlsnt  of  free  JLir  Atomic  Bias' 
Pressures.  Operation  JABOU,  Project  1.3o,  Air  Porce  Cambridge  Re¬ 
search  Center 
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TABU  3.7 


OrarpraBaurea  and  Hannas  Scaled  to  1  IT  In  a  iioeogecoua 
Unbounded  Ataoaphere  at  14.70  pal  Ambient  Prat aura.  Shot  5 


h  »  4500  ft.,  *3  ■  0.854,  k  ■  0.948,  S  ■  2.761 


Paak 

Orer- 

Ban^a  Altltuda  praaaura 


9,100 


14,490 


Scala  Factors 
X  M. 


Scaled 

Ban^a 

r9tXE/S 


Sc, dad 


praaau 


1 

32,530 

23,840 

0.141 

1.709 

1.277 

19,070 

0.129 

2 

24,670 

22,880 

0.175 

1.655 

1.203 

14,120 

0.170 

3 

30,950 

28,470 

0.128 

2.012 

1.317 

21,360 

0.113 

4 

14,860 

0.425 

i.3y9 

1.124 

7,130 

0.443 

5 

27,770 

30,880 

0,147 

2.206 

1.371 

21,010 

0.125 

6 

19,040 

21,780 

0.310 

1.597 

1.185 

10,760 

0.306 

8 

27,980 

26,650 

0.168 

1.883 

1.277 

18,070 

0.154 

10 

12,760 

14,780 

0.604 

1.293 

1.088 

5,660 

0.650 

12 

5,125 

8,020 

2.69 

1.080 

1.016 

1.900 

3.10 

0.817 


0.486 


3,890 


6,370 


16 

22,480 

15,280 

0.307 

1.311 

1.094 

10,110 

0,328 

20 

6,810 

4,200 

1.85 

1.000 

1.000 

2,335 

2.17 

40 

17,470 

4,200 

0.465 

1.000 

1.000 

5,990 

0.544 
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TABU  3.t 

Orerpre.iurea  and  Bangea  Scaled  to  1  IT  In  a  Hoaogece<ros 
Unbounded  Ateoepfaere  at  14.70  pal  Aablent  Preaeure,  Shot  8 


h  •  4500  ft.,  k3  •  0.853,  k  ■  0.948,  S  -  2. $32 

Ea&£» 

S 

Altitude 

a 

Peak 

Orer- 

preasure 

ap 

Scale  Pactora 

Scaled 

fiance 

rwkAa/S 

Scaled 

Orer- 

preaaura 

dP/lric* 

1 

20,700 

21,950 

0.276 

1.541 

1.138 

10,310 

0.284 

2 

14,400 

18.900 

O.635 

1.412 

1.104 

6,570 

0.462 

4 

12,950 

13,760 

0.624 

1.228 

1.053 

5,160 

0.695 

6 

19.950 

18,150 

0.316 

1.383 

1.096 

8.920 

0.336 

7 

25.750 

25,630 

0.20? 

1.725 

1.192 

14,360 

0.204 

8 

30,800 

21,300 

0.205 

1.512 

1.130 

15,060 

0.213 

9 

19.500 

12,960 

0.370 

1#203 

1.046 

7.580 

0.415 

10 

8,050 

5.240 

1.38 

1.013 

0.999 

2,640 

1.62 

11 

9.200 

6,210 

1.033 

1.032 

1.002 

3,070 

1.21 

13 

9.200 

13,700 

0.810 

1.226 

1.052 

3,650 

0.903 

14 

9.320 

12,900 

0.800 

1.202 

1.046 

3.620 

0.897 

13 

4.550 

7.200 

3.235 

1.053 

1.007 

1,550 

ca 

16 

14,900 

14,000 

0.688 

1.236 

1.055 

5.950 

0.542 

10 

3.710 

4,200 

4.61 

1.000 

1.000 

1,200 

5.60 

20 

5.410 

4,200 

2.40 

1.000 

1.000 

1,750 

2.81 

30 

10,200 

4,200 

1.00 

1.000 

1.000 

3.300 

1.17 

40 

17,500 

4,200 

0,525 

1.000 

1.000 

5,660 

0.615 

3? 
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Tig,  3.6  Or«rpr«»rura  n.  Run*#  Baducad  to  1  C  Id  u  Unbounded  Bobo- 
fanaoua  Ataoaphara  at  1A.70  pal  Aabiant  Proa aura  -  Shot  8 
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4.1  saywaiglB 

4.1.1  IfcUAlty  of  the  Fuchs  Xltltuds  Correction 

Considering  Shots  5  end  3  together,  the  r.o.s.  percentage 
deviation  after  removal  of  the  systematic  component  Is  9.5  per  cent. 

This  may  be  regarded  as  the  statistical  resultant  of  errors  of  measure¬ 
ment  and  of  any  effects  of  atmospheric  lnbomogenelty  that  are  not  cor¬ 
rectly  taken  Into  account  by  using  the  Fuchs  scale  transformation. 

Vhlle  no  wholly  objective  measure  of  the  errors  of  observations  can  be 
given.  It  seems  unlikely  that  they  can  have  a  standard  deviation  of 
less  than  5  per  cent,  and  they  might  amount  to  nearly  all  the  observed 
scatter.  In  that  case,  errors  attributable  to  the  use  of  the  Fuchs 
scale  transformation  are  probably  no  mors  than  7(9.5)*  -  (5.0 Y  •  6.1 
percent  and  may  be  considerably  less.  In  any  case  we  conclude  that  the 
theory  satisfies  practical  accuracy  requirements  for  the  prediction  of 
peak  overpressures  within  the  range  of  al tltules  and  overpressures  cov¬ 
ered  by  the  present  data. 

4.1.2  Effect  of  Wind 

Since  the  total  amount  of  air  passed  over  by  the  shook 
front  In  reaching  a  given  distance  le  slightly  greater  In  the  upwind 
than  In  the  downwind  direction.  It  le  to  be  expected  that  the  peak  ovstw 
pressure  at  a  given  distance  will  be  slightly  smaller  In  the  upwind  di¬ 
rection.  In  Figure  4.1  the  percentage  deviation  from  the  comparison 
curve  Is  plotted  against  the  average  component  of  wind  velocity  along 
the  direction  from  explosion  to  gage,  a  positive  elgn  being  taken  for 
the  latter  when  the  average  wind  component  Is  In  the  direction  of  shock 
propagation  and  a  negative  sign  when  It  Is  In  the  opposite  direction. 

The  deviations  show  some  negative  correlation  with  wind  velocity,  which 
Is  In  the  opposite  sense  from  that  which  was  to  be  expected.  However, 
because  of  the  assymetry  of  the  actual  oanlster  positions,  this  appar¬ 
ent  correlation  could  be  made  to  disappear  by  a  slight  change  In  the 
comparison  curve  used.  It  Is  therefore  considered  that  the  real  effect 
of  wind  In  these  tests  Is  so  small  that  It  Is  masked  by  the  random  soat- 
ter  of  the  data. 

4*1«3  free  klr  Peak  Overpressure  vs.  Distance 

Because  of  the  uncertainty  In  the  assumed  reflection  factor 
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AVERAGE  RADIAL  WIND  COMPONENT  (FT./SEC) 
O  ■  SHOT  5 


□  "SHOT  8 


+  *  DOWNWIND  COMPONENT 


-  ■  UPWIND  COMPONENT 


Tit.  b.l  P*rc«nt*4*  Delation  fro*  Coap*rl*on  Cunr* 

Vlid  Conotnt 


iT«rH«  ladlal 
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used  in  reducing  the  observed  data  to  equl Talent  free  air  values  for 
1  KT,  the  resultant  free  air  peak  overpressure  vs.  dlstancs  curve  suet 
bs  regarded  as  tentatlves  Nevertheless,  It  Is  of  Interest  to  note  that 
the  overpressure  vs.  distance  curve  given  by  elation  (3.1)  1*  remark¬ 
ably  close  to  the  TUMBLER  composite  curve  based  on  the  Naval  Ordnance 
laboratory's  measurements  In  the  region  of  high  overpressures.— /  The 
two  curves  are  compared  In  figure  4.2.  Equation  (3.1)  falls  about  9 
per  cent  above  the  TUMBLER  composite  curve  at  the  10  pel.  level  and  the 
difference  diminishes  at  both  higher  and  lower  overpressures.  The  two 
curves  intersect  at  about  270  psl .  No  significance  Is  attached  to  this 
agreement  at  very  high  overpressures,  since  there  Is  no  a  priori  reason 
for  expecting  the  purely  empirical  formula  (3.1)  to  be  applicable  so 
far  beyond  the  range  of  oveiprossures  for  which  It  was  derived,  but  the 
convergence  of  the  two  curves  In  the  range  of  overpressures  between 
those  covered  by  the  Naval  Ordnance  Laboratory  data  and  the  prosent  re¬ 
sults  Indicates  very  satisfactory  consistency  between  the  two  sets  of 
data. 


4.?  MKOfflgPAlIQg 

It  Is  considered  that  the  present  results  confirm  the  practical 
validity  of  the  Fuchs  scaling  law  for  altitude  effects,  but  the  extra¬ 
polation  of  the  normalised  free  air  peak  overpressure  curve  to  low 
overpressure  may  still  be  questionable  because  of  the  nscssslty  of  us¬ 
ing  an  assumed  reflection  factor  In  the  reduction  of  the  data.  Thle 
extrapolation  Is  particularly  Important  In  connection  with  the  calcu¬ 
lation  of  blast  affects  on  aircraft.  It  is  therefore  recommended  that 
similar  blast  pressure  measurements  bs  toad*  with  parachute— borne  gagee 
distributed  about  an  atomic  boob  fired  at  a  sufficient  altitude  to  give 
a  clear  separation  of  the  direct  and  reflected  shocks  over  a  large 
range  of  distances.  At  the  san.e  time  It  would  be  desirable  to  obtain 
data  on  tbs  path  of  the  triple  point  at  high  altitudes.  Sines  tbs 
present  tests  showed  no  detectable  asymmetry  In  the  pressure  pattern 
because  of  wind,  it  Is  considered  that  these  objectives  can  ba  accom¬ 
plished  with  two  vertical  arrays,  one  placed  approximately  above  the 
bomb  and  one  offset  horlsontally  in  a  position  to  intercept  the  expec¬ 
ted  path  of  the  triple  point  and  to  measure  the  blast  pressure  in  and 
above  the  Kach  stem. 
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Tor  (ho  purpose  of  computing  slant  ranpi  fro*  tho  observed  tr»»- 
•1  tines  tho  following  procelure  was  adopted.  Vo  flrot  consider  on 
lsoth*  rmel  atmosphere  ot  conotont  protouro  P#  ond  sound  velocity  o0 
with  no  wind.  Tho  trawl  ties  of  o  shook  wove  to  o  radial  dlstonoo  B 
fro*  tho  souroo  lo 

t  «  /  U  dr  U*\) 

o 

where  D  Is  tho  shock  sots  to loot  t/  cl  Ten  by  the  Baaklna-Hugoalot  aqua— 
tlon 

u  "•('4  ¥i-  <*.« 

■J  *  1*4  for  olr 
A  P-  Peak  overpressure 

In  order  to  evaluate  the  Integral  (A.l)  numerically,  tho  depea>- 
donco  of  AP  on  B  oust  bo  known,  and  this  cannot  la  general  bo  ooneld- 
orod  as  given  Is  advance.  However,  If  we  ooaelder  only  ranges  lares 
enough  so  that  d?/P0  Is  a  snail  quantity  over  a  largo  part  of  tho  path. 
It  lo  not  necessary  to  know  dP  oo  a  function  of  B  with  groat  precision 
to  obtain  fairly  aecurato  values  of  t  as  a  function  of  B,  and  It  Is 
sufficient  to  use  tho  erpeoted  rather  than  tho  unknown  actual  value  of 
dP(I)  In  calculating  tho  Integral.  It  Is  possible  than  to  compute  ths 
average  velocity,  V  •  l/t,  and  express  It  os  a  function  of  althor  B  or 
t,  trprosoed  In  this  way,  ▼  depends  on  tho  yield  of  the  source,  but 
If  by  using  tho  oxpootod  values  of  overpressure  as  a  function  of  rang*. 
▼  Is  expressed  as  a  function  of  aP,  tho  result  Is  a  relation  that  lo 
Independent  of  tho  yield  of  tho  source.  This  lo  possible  because  tho 
yield  ooallng  lav  leaves  velocity  and  proosuro  unchanged  end  transforms 
only  distance  end  tine.  With  a  measured  value  of  t  and  dP  fro*  n 
given  gage.  It  Is  possible  to  determine  the  value  of  V  corresponding 
to  the  observed  dP,  and  with  this  Information  the  range  corresponding 
to  the  observed  value  of  t  con  be  oonputed  without  eny  prior  knowledge 
of  the  yield  of  the  source* 

To  go  fro*  the  hypothetical  homogeneous  ieethernal  atmosphere  be 
the  conditions  of  the  actual  etnoephsre,  use  le  node  of  a  airlifted 
scaling  law,  which  Bend  has  shown  to  bo  approximately  equivalent  to 
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tb*  aor*  co*pl«x  Puohs  noaling  law.--'  Thi*  oonalet*  ••■•ntlally  of  ua- 
in g  th*  Saohn  seal*  factor  co*put*d  for  tb*  altltud*  of  th*  pro* tar* 
gag*  rather  than  the  altltud*  of  the  eourc*.  According  to  thi*  lav 
0T*rpr***ur«  1*  changed  In  th*  aaa*  ratio  at  aablont  pr*e«ur*.  to  that 
dP/P0  1*  unohang*d,  and  th*  ahocJc  Telocity  1*  changed  In  th*  tea*  ratio 
a*  th*  velocity  of  sound.  Thu*  If  8  1*  an  aTerag*  rain*  of  th*  *ound 
rolooity  OT*r  th*  path  fro*  tourc*  to  gago.  th*  ratio  0 ft,  wbaa  *x- 
pr****d  at  a  function  of  *P/P0  Is  approximately  Independent  of  th*  am¬ 
bient  pr**aur*  and  t*ap*ratur*  at  *lth*r  aouro*  or  gag*  at  **11  at  th* 
yield  of  th*  aouro*.  This  function,  when  oo*put*d  fro*  th*  *rp acted 
orerpreteur*  r*.  dlttanc*  cure*  for  1  IT  In  a  hoao(*ntou  atMtphar*, 
la  then  directly  applloabl*  to  any  yield  la  any  atM*ph*r*.  Talu**  of 
thi •  funotlon  obtained  by  aumerloal  1 ntegratl on  using  th*  or*rpr***ur* 
ra ,  dlttanc*  function  glT*n  by  equations  (3.1)  and  (3*2),  ar*  plottad 
la  Plgur*  i.1.  la  using  thi t  relation  to  doteralna  the  aT*rag*  shook 
ralooity  for  a  glron  ralua  of  th*  ratio  dP/PQ.  th*  way  la  which  th* 
aeorsg*  sound  T*loolty.  c,  1*  defined  1*  not  particularly  critical  for 
Mderata  accuracy  r*qulr«a*nta  alnco  o  *arlaa  by  only  lb  to  15  p*r  cant 
be  tv* an  aaa  IotoI  and  th*  trepopaua*.  Por  th*  praaant  purpose,  o  1* 

ta^rmw  h  a 

iwM/(h.u.  u.„ 

«h*r*  •  1*  th*  altltttl*  of  th*  gng*  and  h  la  that  of  th#  boah.  Thi* 
function  was  co*put*d  fro*  th*  Meteorological  data  for  each  abot  by  nu- 
aarleal  lntagratloa. 

Tha  *f f *ot  of  wind  Telocity  wan  taken  Into  consideration  by  add- 
lag  to  th#  aweraga  ahook  r*loolty  th*  aToraga  co*pon*nt  of  wind  toI*- 
olty  projected  on  th*  line  fro*  ahot  to  gag*.  Slno*  th*  wind  compon¬ 
ent  rapreeenta  only  a  relatlTely  eaa.il  correction  in  the  aworag*  ahaok 
Telocity,  th*  way  In  which  th*  aTerag*  le  defined  la  not  critical.  1* 
tha  praaant  eaas  the  awerago  1*  daflned  by  weighting  th*  wind  ralaclty 
In  *%oh  aaall  lnerea*nt  la  altltud*  In  proportion  to  th*  tl*e  that 
would  bo  take*  for  a  sound  war*  to  paan  through  th*  glwaa  rang*  of  al¬ 
titude. 

A*  sectioned  Is  Chapter  3  of  th*  preeent  report,  th*  range*  cos¬ 
pa  ted  fro*  th*  ebeerred  traTel  tlwee,  altitude*,  and  OTerpreaaur*  by 
the  aboT*  procedure  ar*  found  to  aTerag*  about  2.2  per  cent  larger 
than  th*  >UT3  rang**.  Vhll*  th*  aocuraoy  of  th*  basie  data  1*  not  nuf- 
ficlont  to  warrant  a  detailed  analyal*  of  tb*  seuro*  of  thi*  **all  eye- 


T  I  r'  % 


UNCLASSIFIED 


ttaetle  error*  It  It  worth  pointing  out  that  ltt  ii(>  It  oeoeleteet  with 
the  TUMBLXH  frtt  tlr  pttk  ortrpreetere  ourrt.  The  TUKBUi  currt  fellt 
tlifhtlj  belt*  the  ourrt  met*  in  tht  pretest  ooepntetlont*  tod  tur  oow- 
puted  rtM*<  should  therefore  be  tll*btly  too  ler*e. 
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TABU  B .? 


Airman  scam  tactobs 
tabus  c.? 

Shot  8 


Altitude 

(fcft.  abora  N.S.l 


1.000 


1.016 


1.038 


1.059 


1.082 


1.107 


1.133 


1.161 


1.189 


1.220 


1.252 


1.285 


1.321 


1.358 


1.396 


1.636 


jU. 

Altltada 

(fcft.  abora  M.S.L.l 

1.000 

20.5 

0.999 

21.5 

1.003 

22.5 

1.008 

23.5 

1.016 

26.5  3 

1.020 

25.5  3 

1.02? 

26.5  3 

1.037 

27.5  3 

1.063 

28.5  1 

1.051 

29.5  1 

1.059 

30.5  ; 

1.068 

31.5  2 

1.079 

32.5  2 

- 

1.090 

33.5  a 

1.100 

36.5  2 

. 

1.109 

35.5  2 

_ 

1.677 


1.520 


1.566 


1.616 


1.666 


1.718 


1.775 


1.836 


1.897 


1.986 


2.035 


2.110 


2.189 


2.273 


2.362 


2.656 


M. 


1.121 


1.132 


1.165 


1.160 


1.173 


1.190 


1.209 


1.226 


1.263 


1.276 


1.286 


1.306 


1.328 


1.352 


1.375 


1.601 
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